The species specificity of chick and L cell interferons were studied with respect to uptake and activity in mouse and chick embryo cell cultures. Heterologous interferons conditioned cells for the rapid uptake and accelerated development of the antiviral state for homologous interferons. Heterologous interferons were neither taken up nor antiviral, regardless of whether the cells were conditioned with homologous or heterologous interferons.
INTRODUCTION
Highly purified preparation of mouse and chick interferons have been shown to lack antiviral cross reactivity (Baron, Barban & Buckler, I964; Merigan, 1964) . Human and monkey interferons have been shown to cross react (Bucknall, 1967) and one-way cross reactivity has also been demonstrated (Desmyter, Rawls & Melnick, 1968; Levy-Koenig, Golgher & Paucker, 197o; Moehring & Stinebring, 197o) . Interferons from several species of gallinaceous birds were found active on quail cell cultures, while quail interferon was restricted in antiviral activity to homologous cells (Moehring & Stinebring, 197o ) . Similarly, it was found that human interferon was active on rabbit kidney cell cultures while rabbit interferon was without effect on human ceils (Desmyter et aL I968; Levy-Koenig et al. I97O ). It has also been reported that interferons, regardless of species of origin, react with L cells to promote the early release of L cell interferon, and that this activity was blocked by specific antibody, suggesting that interferon can react with heterologous cells (Levy-Koenig et al. I97o) .
A previous study (Sheaff & Stewart, 1969) showed that interferon antiviral activity in a homologous system occurs in three phases involving stimulation of an interferon uptake system, cellular association of interferon and expression of antiviral activity. This led to the present investigation intended to determine at which of these phases the species specificity of mouse and chick interferons is expressed. METHODS Cell cultures. Mouse embryo (ME) cell cultures were prepared from decapitated, 12-to I5-day-old mouse embryos (Swiss albino, Bio Breeding Laboratories, Ottawa, Canada). The minced embryos were trypsinized (Difco 1:25o) and the cells grown as monolayers, using Eagle's MEM with non-essential amino acids supplemented with IO % foetal calf serum (Grand Island Biological Co., Grand Island, N.Y.) . The medium contained penicillin and streptomycin. The cell cultures were used after two passages. Chick embryo (CE) cell cultures were prepared in a similar manner using lo-to I I-day-old embryos. The tissue culture medium was buffered with Hanks's salts for the CE cultures and with Earle's saline for the ME cells.
Interferons. Chick interferon was prepared as previously described (Sheaff & Stewart, 1969) from allantoic fluids, and partially purified by perchloric acid precipitation and two zinc acetate precipitations according to the method of Lampson et at. (I963). Following chromatography on G-25 and G-too Sephadex columns, this material had a specific activity of 45 ooo units/mg of protein.
Mouse interferon was prepared in cultures of L cells (strain 929) infected with 4o p.f.u./cell of NDV (American Type Culture Collection) using tissue culture medium without serum (Paucker, I965) . After clarification by centrifuging and precipitation with perchloric acid (Lampson et al. I963), the fluids were held at pH 2-0 for 5 days to eliminate infectious NDV (Merigan, Winget & Dixon, ~965) . No NDV was detectable after two blind passages in embryonated hens' eggs. Interferon was concentrated by precipitation with ammonium sulphate (75 % saturation), dissolved in o.or M-phosphate-buffered saline (PBS) at pH 7"4 and dialysed for 48 h at 4 °C against 300 vol. of the same buffer (Paucker, I965) . The antiviral material was characterized as interferon (Lockart, ~ 966 ) by stability at low pH, moderate stability at 56 °C for I h and sensitivity to incubation with o-oo5 % crystalline trypsin (Sigma Chemical Co., St Louis, Mo.) for ~ h at 37 °C. No detectable c.p.e, were noted using a concentration I75 times that required to reduce virus plaque numbers by 50 %, nor was the antiviral activity diminished by washing cells 5 times after exposure to the material. The interferon had a specific activity of ~ 3 5oo units/rag of protein.
A second preparation of interferon was further purified by chromatography on a carboxymethyl-Sephadex C-5o column (Pharmacia K25/45) at 4 °C. L cell interferon was eluted between pH 7"3 and 8. 3 with a flow rate of 25 ml/h. Interferon fractions of high specific activity 0"o to x'5 x io 6 units/mg of protein) were pooled and biological activity was preserved by the addition of o'o5 % bovine serum albumin (Paucker et al. I97o) .
Interferon assay. Interferon was assayed by reduction of virus plaque nmnbers using the INDIANA strain of vesicular stomatitis (VS) virus obtained from Dr K. R. Rozee, Dalhousie University, Halifax, Nova Scotia. A large plaque mutant, carried through three plaque purifications and stored at -6o °C was used routinely and permitted plaque counting after 24 h incubation at 37 °C in the presence of CO2. Overlay medium for plaque assays consisted of I ~o Difco Noble agar in growth medium, as previously described, except foetal calf serum was used at a concentration of 5 % and the Hanks's salt solution was supplemented with IO. 4 mM-NaHCOa and 14 mM-HEPES (N-2 hydroxyethylpiperazine-N-aethane sulphonic acid, Nutritional Biochemicals Corporation, Cleveland, Ohio). The virus stock used, as well as the parent culture, were found to plaque with equal efficiency on CE and ME cell cultures. The large plaque mutant was found to be as sensitive to chick interferon as Sindbis virus, permitting a direct comparison with work previously published (Sheaff & Stewart, 1969; Sheaff & Stewart, 1970 b) . The results shown in all experiments are calculated from the plaque numbers on a minimum of 5 plates/dilution of interferon and are typical of the results of at least two identical experiments. Certain critical experiments were also repeated using the very limited amount of the more highly purified L cell interferon preparation. These will be indicated in the subsequent text. 
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RESULTS
Development of antiviral activity with time of exposure to interferon
A previous study (Sheaff & Stewart, I969) demonstrated that treatment of chick cell cuRures with a low concentration of interferon followed by exposure to higher concentrations resulted in a more rapid development of antiviral activity than occurred when the cells were treated with only the higher concentrations of interferon. A similar experiment was performed using L cell interferon and mouse embyro cell cultures to determine whether the two systems were comparable.
Monolayers of ME cells in 50 mm plastic, tissue-culture, Petri dishes were exposed for varying periods of time at 37 °C to concentrations of 2o, 2"5 and I.O units of interferon. A unit of interferon is defined as the reciprocal of the dilution required to reduce plaque numbers by 5o %. At each time period, a series of plates was removed, the fluids decanted and the plates washed five times in cold saline F (Puck, Stevens & Robinson, 1958) . The cell cultures were then infected with VS virus (50 p.f.u.) for plaque counts, using a method and staining procedure described previously (Stewart & Gandhi, I967) . In Fig. I it can be seen that, with decreasing concentrations of interferon, there was an increase in a lag period before the onset of antiviral activity. The results of an experiment in which cells were treated with I unit of interferon for 3"25 h, washed as before, then incubated in the presence of 2"5 units of interferon, are also shown in Fig. I . Treatment with I unit of interferon for 3.25 h did not lead to detectable antiviral activity, however, when 2"5 units of interferon were applied at the end of this time, the treatment resulted in obliteration of the lag before onset of antiviral activity. These results are qualitatively similar to those reported for a chick cell system (Sheaff & Stewart, i969) , in which it was found that pretreatment of chick embryo cells with low concentrations of interferon eliminated the 2 h lag period which occurred before uptake of interferon and development of antiviral activity took place, when these cells were exposed to higher concentrations of interferon. The pattern of development of antiviral activity in ME cells, treated as previously described, but using the more highly purified L cell interferon, was virtually identical to that shown in Fig. I . Trypsin treatment of this L cell interferon which destroyed its antiviral activity, also destroyed the capacity of the material to 'induce' the rapid development of antiviral activity upon exposure of the cells to a second application of interferon.
Uptake of homologous and heterologous interferon by ME cell cultures after exposure to low concentrations of homologous and heterologous interferons
It was demonstrated previously (Sheaff & Stewart, I969 ) that chick interferon was taken up by ceils in suspension when the extracellular volume was kept reasonably low, with respect to intracellular volume. Further evidence of uptake was presented with data showing equilibration of cell-associated interferon with the surrounding medium.
The nature of cellular specificity of interferon was studied by determining the uptake of L cell and chick interferon by ME cells following exposure to low concentrations of either L cell or chick interferon.
Monolayer ME cells were trypsinized from glass, centrifuged, washed three times in medium containing serum and suspended in a concentration of 5 x to 7 cells/ml of tissue culture medium. Incubation was done with constant agitation for 3.25 h at 37 °C with either I unit of L cell interferon/ml or 5 units of chick interferon/ml. At the end of this period the cells were collected by centrifuging and resuspended, at the same concentration, in tissue culture medium containing 35 units/ml of L cell or chick interferon. Cells previously treated with chick interferon were suspended in medium containing chick or L cell Interaction of interferon with cells x69   Table I 
. Activity of L cell interferon on ME cells conditioned by CE and L cell interferon
interferon, similarly, cells previously exposed to L cell interferon were subsequently treated with chick or L cell interferon. These suspensions were incubated for various periods of time at 37 °C. Controls, lacking only cells, also contained 35 units of chick or L cellinterferon/ ml of tissue culture medium and were incubated under identical conditions. At various time intervals, samples were removed from controls and test suspensions, and the media were collecting after centrifuging. The residual interferon content of the media at each time period was determined by assay on homologous ceils. Possible non-specific losses of interferon, due to heat-inactivation or glass adsorption, were taken into account in calculating the percentage reduction of interferon activity by relating the residual titre of interferon in control media to that in media removed from cells (Sheaff & Stewart, I969) . The results of this experiment are shown in Fig. 2 , where it can be seen that no interferon was taken up over 9o min by cells not previously exposed to interferon. It can also be seen that prior exposure to both chick and L cell interferon conditioned the cells for the uptake of homologous (L cell) interferon, it would appear that the initial exposure to L cell interferon was more effective in promoting interferon uptake than was the prior exposure to chick interferon. Not shown in the Fig. is the failure of mouse cells to take up chick interferon, irrespective of the species of interferon used initially. Repetition of this experiment, using the more highly purified L cell interferon preparation, yielded data indicating a slightly lower rate of uptake of L cell interferon in interferon pretreated ME cells, yet not significantly different from that depicted in Fig. 2 .
Antiviral activity of chick and L cell interferons on ME cells previously treated with low concentrations o f homologous and heterologous interferons
Since 'uptake' experiments are relatively insensitive it was conceivable that small amounts of heterologous interferon could have been taken up and expressed in terms of antiviral activity.
Monolayer ME cell cultures were treated with r-o unit of L cell interferon or with I.o, 5.o or ~o.o units of chick interferon for 3.25 h at 37 °C. At the end of this period, the fluids were decanted and the cells washed 5 times with cold saline F. L cell interferon, at a concentration of 2"5 units/ml, was applied to all cultures for 9 ° min at 37 °C. The cultures were then decanted, washed as before and the antiviral activity determined by reduction of plaque numbers. The results of this experiment are shown in Table I . The preparative concentra-J. M. WEBER AND R. B. STEWART Table 2 tions of L cell and chick interferons did not result in detectable antiviral activity. However, when these preparative doses of homologous and heterologous interferon were followed by 2"5 units of L cell interferon, antiviral activity was present and at a higher level than developed with 2"5 units of interferon in the absence of prior interferon treatment.
. Activity of L cell and CE interferons on ME cells conditioned by L cell interferon
The antiviral activity of chick and L cell interferons on ME cell cultures previously treated with a low concentration of homologous interferon was next determined. Monolayer cell cultures were exposed to a concentration of I.o unit/ml of L cell interferon for 3.25 h at 37 °C. The cultures were washed as before and incubated for 9 ° min in the presence of 2"5 units/ml of L cell interferon or in the presence of 5 or Io units/ml of chick interferon. The cultures were handled as previously described and antiviral activity calculated on the basis of reduction of plaque numbers. The results shown in Table 2 demonstrate effective antiviral activity with the homologous interferon system, when the component parts (preparative and effective interferon concentrations) were not in themselves antiviral. It can also be seen that chick interferon had no antiviral activity in cells previously exposed to L cell interferon. The failure of 2"5 units of L cell interferon to show antiviral activity in the absence of prior interferon treatment is in contrast to the data in Table x . This difference is a reflection of the 9o rain incubation period which is a 'borderline' time period for the expression of antiviral activity with this concentration of interferon (Fig. I) .
Uptake of homologous and heterologous interferon by CE cell cultures after exposure to low concentrations of homologous and heterologous interferons
Chick cel! cultures were next studied for their capacity to respond to heterologous interferon.
Suspensions of 5 × 2o7 cells/ml, prepared from monolayer cultures, were incubated with 5 units/ml of L cell interferon for 3.25 h at 37 °C, or with I-o unit of chick interferon for 2 h. These differences in time reflect the optimum preparation or conditioning times in the homologous systems. At the end of these periods, the cells were collected by centrifuging and resuspended in tissue cuIture medium containing either I5o units of chick or L cell interferon. The disappearance of interferon from the medium was determined at time intervals and the results reflecting uptake of interferon are shown in Fig. 3 -Accelerated uptake of homologous interferon occurred following preparation with either chick or L cell interferon. No disappearance of heterologous interferon occurred (not shown in graph) and only limited uptake of chick interferon occurred in the absence of prior interferon treatment. The lower percentage of interferon taken up in these experiments, compared to that shown in Fig. 2 , is thought to be due to the higher concentration of interferon used 05o versus 35 units), or alternatively, may reflect a lower rate of equilibration of chick interferon with CE cells than L cell interferon with ME cells after interferon pretreatment.
Interaction of interferon with cells
Antiviral activity of chick and L cell interferons on CE cells previously treated with low concentrations of homologous and heterologous interferons
Monolayer CE cell cultures were incubated with o'5 units of chick interferon for 2 h at 37 °C or with I, 5 or ~oo units of L cell interferon for 3.25 h. The cultures were then washed and incubated for 3o min at 37 °C with tissue culture medium or with tissue culture medium containing 5 units/ml of chick interferon. The cultures were washed, infected with virus and the antiviral activity of interferon determined by reduction of plaque numbers. The results shown in Table 3 are similar to those obtained with ME cell cultures (Table 0, in that prior treatment with heterologous and homologous interferon resulted in enhanced antiviral activity of the homologous interferon applied as a second dose. L cell interferon did not appear as effective as chick interferon in its cell-conditioning activity, since 5 units of L cell interferon were required to produce the effect of o'5 units of chick interferon. Table 4 shows the results of experiments in which CE cell cultures treated for 2 h with o'5 units of chick interferon were subsequently exposed to 5 units of chick interferon for 3o min, or to 5 and IO units of L cell interferon for 3 ° and 90 min. Antiviral activity was determined by reduction of plaque numbers. A significant level of antiviral activity was found with the homologous system and only low levels of antiviral activity with a single exposure to chick interferon.
L cell interferon was without demonstrable antiviral activity in the absence of a prior exposure of the cells to homologous interferon. However, the L cell interferon preparation showed slight antiviral activity following initial treatment of the cells with chick interferon. This antiviral activity is not believed to be due to interferon. The antiviral activity on heterologous cells is not lost after trypsin and heat treatment, whereas this treatment eliminated detectable antiviral activity on homologous cells. The effect this material may have had on the experiments reported is thought to be negligible since it had no detectable effect on ME cells when applied as either a conditioning (Table I) , or effective dose (Table 2) . Furthermore, a previous study showed the conditioning activity of a low concentration of interferon was related directly to interferon activity (Sheaff & Stewart, 197 ° a) . Table 3 Interaction of interferon with cells I73 the contaminating material to have no activity on chick cells when applied as a primary dose of I oo units of L cell interferon. The effectiveness of this non-interferon inhibitor in heterologous cells, after prior exposure to interferon, is thought to be due to a proposed interferon transport system (Sheaff & Stewart, I969) and the lack of binding specificity for interferon of an interferon-induced protein, isolated in isotope double labelling experiments (Sheaff & Stewart, I97ob) . It is possible that this non-interferon inhibitor is similar or identical to that described by Paucker 0965), who found an inhibitor in preparations of L cell interferon which had limited antiviral activity in heterologous cells not related to the titre of interferon in homologous cells.
DISCUSSION
The data presented in these experiments support the finding (Baron et al. I964; Merigan, I964) that mouse and chick interferons do not demonstrate cross-antiviral activity, nor is there evidence of one-way cross-reactivity (Desmyter et al. ~968; Moehring & Stinebring, I97o ) . Evidence is presented that mouse and chick interferons do interact with the respective heterologous cells in a meaningful biological way.
Previous studies (Sheaff & Stewart, I969, I97oa, b) showed that primary exposure of chick cells to low concentrations of interferon resulted in acceleration of both uptake of interferon and development of antiviral activity. The cell-conditioning activity of the primary interferon treatment was shown to require maintenance of interferon activity (Sheaff & Stewart, I97oa ) , as well as mRNA and protein synthesis (Sheaff & Stewart, ~969) . Cellular mRNA and protein synthesis, following exposure to low concentrations of interferon, were also found necessary for the elaboration of an interferon-induced protein found in isotope double labelling experiments (Sheaff & Stewart, i97ob ) . These studies suggested that interferon-induced antiviral activity was developed in three stagesinduction of an interferon transport system, uptake of interferon and expression of antiviral activity. The demonstration that mouse cells respond in a similar way to low concentrations of homologous interferon (Fig. I, Table I ) suggests this may be a general phenomenon.
Investigation of these three parameters, with respect to species specificity of mouse and chick interferons, has shown that the initial stages of induction of an interferon uptake system can be accomplished by heterologous interferon. The data presented suggests that specificity is associated with the uptake of interferon and the development of antiviral activity. Although heterologous interferon was not found to be taken up by conditioned cells, it is possible that insensitivity of measurement of this parameter may have precluded the detection of uptake of small amounts which were ineffective in establishing an antiviral state. The interpretation of specificity of the uptake system for homologous interferon is clouded by the finding (Table 4 ) that a non-interferon viral inhibitor present in L cell interferon was effective only in interferon conditioned cells. This material, in contrast to interferon, did not exhibit a dose-effect, since neither doubling the concentration nor tripling the exposure time resulted in an appreciable alteration of the level of antiviral activity. This may be interpreted to suggest that prior treatment of CE cells with interferon altered characteristics of the membrane permitting expression of activity of the contaminant. The conditioning phenomenon demonstrated by heterologous interferons is possibly related to one described by , who found that interferon treatment of L cells promoted the early release of cell synthesized interferon. Stewart, Gosser & Lockart (I97I) described another biological effect of pre-treatment of cells with low concentrations of interferon. They found that L ceils induced with MM virus only produced interferon if the cells had been pretreated with low concentrations of interferon. The amount of interferon produced by the cells was affected by the priming concentration of interferon, but not by its specific activity which ranged from IO ~ to lO 7 units/mg protein. Similarly, a previous report (Sheaff & Stewart, I97oa ) and the present study indicate that inactivation of the biological activity of interferon also destroyed its conditioning activity. These studies suggest that the priming or conditioning activities associated with interferon are not likely to be due to contaminating substances.
The data presented in this study as well as previously (Sheaff & Stewart, I969) , relating cellular uptake of interferon to antiviral activity, suggest interferon is an integral component of the antiviral state. This interpretation is not in disagreement with the experimental data of Stewart & Lockart (197o) , which showed that the level of antiviral activity achieved with homologous and cross-reacting heterologous interferons was a property of the cells. It is suggested that interferon is only one of a series of components that are involved in the establishment of an antiviral state.
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